+ T (Tc17) cells promote inflammation and have been identified in chronic hepatitis. However, the role of Tc17 cells in patients with hepatitis B virus (HBV)-related acute-on-chronic liver failure (HBV-ACLF) remains unclear.
Introduction
Acute-on-chronic liver failure (ACLF) is a severe clinical syndrome characterized by the acute deterioration of preexisting chronic liver diseases and is linked with substantial short-term mortality. 1 In China, HBV-related ACLF (HBV-ACLF) accounts for most patients because of the high prevalence of HBV infection. 2 The lack of knowledge on the mechanism underlying HBV-ACLF and the lack of effective treatment result in extremely high mortality. 3 Accumulating evidence has shown that systemic inflammation caused by excessive immune-mediated inflammation plays a central role in the mechanism underlying HBV-ACLF. Moreover, systemic inflammation has been submit your manuscript | www.dovepress.com
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Zhang et al found to be associated with disease progression and mortality in patients with HBV-ACLF. 1, 2, 4, 5 IL-17 has been researched intensely since its discovery. IL-17 is a proinflammatory cytokine that participates in both acute and chronic inflammatory responses and is mainly produced by a subset of CD4 + T cells (namely, Th17 cells); 6 however, other immune cells, including CD8
+ T cells (namely, Tc17 cells), can also express IL-17. 7, 8 Tc17 cells have been detected in several autoimmune diseases in both humans and mice, 9 ,10 thus confirming their role in inflammatory processes. In addition, the accumulation of Tc17 cells has been observed in several types of human tumors. 11 Furthermore, Tc17 cells were found to protect the host against lethal influenza infection. 12 Tc17 cells were found to be enriched in the liver of patients with chronic HCV infection, and the frequency of intrahepatic Tc17 cells was significantly higher than that in the peripheral blood. 13 Intrahepatic Tc17 cells increased in other chronic liver diseases, including alcoholic liver disease, non-alcoholic steatohepatitis, and autoimmune hepatitis. Moreover, the CXCR3 pathway could promote recruitment of Tc17 cells from the blood into the liver. 14 However, less is known about the role and clinical relevance of Tc17 cells in patients with HBV-ACLF.
On the basis of these collective and emerging data, we hypothesized that Tc17 cells may be implicated in the pathogenesis of HBV-ACLF. The main aim of the current study was to evaluate the role and the prognostic value of Tc17 cells in patients with HBV-ACLF.
Methods study design and patients
Sixty-six patients with HBV-ACLF admitted to our department between April 2009 and August 2014 were enrolled. HBV-ACLF was diagnosed on the basis of the development of jaundice (a Tbil of $171 µmol/L), a PTA of #40%, and the presence of at least one of the other criteria ($ grade 2 hepatic encephalopathy, ascites, spontaneous bacterial peritonitis, or hepatorenal syndrome). 15, 16 The exclusion criteria were 1) evidence of other liver diseases or cancer; 2) coinfection with other hepatitis viruses or HIV; 3) treatment with artificial liver support or immunomodulatory drugs; 4) drug or alcohol abuse; 5) history of cardiovascular, pulmonary, or renal diseases; and 6) pregnancy. Cirrhosis was clinically diagnosed when a small, nodular liver was observed in imaging tests, including ultrasound, computerized tomography scans, or magnetic resonance imaging. 17 Each patient was treated with supportive internal treatment. All patients with HBV-ACLF were followed up for at least 3 months.
The patients' outcomes were recorded as surviving or nonsurviving. Thirty patients with CHB and 17 NC during the same period were enrolled as controls. Patients with CHB were defined as those who had showed HBsAg positivity for more than 6 months and exhibited signs of hepatitis and abnormal liver function. A clinical assessment was performed and peripheral blood was collected at admission. Serum was separated and stored at −80°C until analysis. The study was conducted in accordance with the guidelines of the Declaration of Helsinki, and the protocol was approved by the ethics committee of our hospital (The Third Affiliated Hospital of Sun Yat-sen University). Written informed consent was obtained from each participant.
Cell staining and flow cytometry
An APC-conjugated anti-CD8 antibody was purchased from BD Biosciences (San Jose, CA, USA). A PerCP-Cy5.5-conjugated anti-CD3 antibody and a phycoerythrin-conjugated anti-IL-17A antibody were purchased from eBioscience (San Diego, CA, USA). Fresh heparinized peripheral blood was incubated in RPMI 1640 medium supplemented with phorbol 12-myristate 13-acetate (20 ng/mL; Sigma-Aldrich Co., St Louis, MO, USA) and ionomycin (1 µg/mL; SigmaAldrich Co.) for 5 hours at 37°C and 5% CO 2 . Monensin (1.7 µg/mL; Sigma-Aldrich Co.) was added during the first hour of incubation. Intracellular IL-17A staining was performed after fixation and permeabilization using Fix&Perm reagents (Thermo Fisher Scientific, Waltham, MA, USA). Data were collected on a FACSCalibur and analyzed with CELLQUEST software (BD Biosciences).
Cytokine analysis by FlowCytomix
Levels of serum cytokines (IL-17A, IL-22, and IL-23) were quantified using FlowCytomix™ kits (Bender MedSystems, Vienna, Austria) according to the manufacturer's instructions. Data were collected on a FACSCalibur and analyzed with FlowCytomix Pro software (Bender MedSystems). Standard curves were determined for each cytokine. The detection sensitivity was 2.5 pg/mL for the IL-17A kit, 43.3 pg/mL for the IL-22 kit, and 21.9 pg/mL for the IL-23 kit.
Virological assessment and liver biochemical assays
The levels of serum HBV markers (including HBsAg, HBeAg, HBeAb, and HBcAb) and AFP were measured using an Elecsys system (Hoffman-La Roche Ltd., Basel, Switzerland). HBV-DNA levels were quantitated with RT-PCR using an ABI7300 instrument (Thermo Fisher 
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Tc17 predicts mortality in hBV-aClF Scientific). The detection limit of HBV-DNA was 100 IU/mL. Biochemical assays were performed using an autoanalyzer (TBA-30FR; Toshiba, Tokyo, Japan). PTA was measured using an automatic hemostasis/thrombosis analyzer (STA Compact, Holliston, MA, USA).
Disease severity assessment
MELD, MELD-Na, and CLIF-C ACLF scores were used to assess disease severity. 18, 19 Briefly, these scores were calculated as follows: MELD score=3. 
statistical analyses
Data were analyzed using SPSS version 20.0 (IBM Corporation, Armonk, NY, USA) and were expressed as frequencies, medians, and ranges or mean ± standard deviations. Differences in variables were analyzed with ANOVA and Student's t-tests or with Kruskal-Wallis tests and Mann-Whitney U tests. Correlations were evaluated by Pearson or Spearman tests. ROC curves were used to predict prognosis. Comparisons of ROC curve parameters were performed using the DeLong test. Survival was analyzed using Kaplan-Meier curves. The association between relevant variables and mortality was investigated by the multivariate Cox regression analysis. Two-sided P-values of ,0.05 were considered statistically significant.
Results
Patients' characteristics
The median age of the patients with HBV-ACLF was 41 years (range . During the follow-up period, 28 patients with HBV-ACLF survived, while 38 died. Thus, the overall mortality rate was 57.6%. Sixteen (24.2%) patients with HBV-ACLF were clinically diagnosed with cirrhosis before enrollment. The mortality rate was lower in patients without cirrhosis (25/50, 50%) than in those with cirrhosis (13/16, 81%, P=0.041). The baseline characteristics of the participants are shown in Table 1 . No significant differences existed among the three groups in age (P=0.151) or gender (P=0.690).
Tc17 cell frequency was significantly higher in patients with hBV-aClF independent of hBeag status
We measured the frequency of Tc17 cells by flow cytometry (Figure 1 ). Tc17 cells were significantly higher in patients with HBV-ACLF (median 1.84%, range 0.36%-7.48%) than in either patients with CHB (median 1.26%, range 0.5%-3.91%; P=0.002) or NC subjects (0.96%±0.42%, P,0.001; Figure 1C ). Moreover, the frequency of Tc17 cells was significantly higher in cirrhotic patients with HBV-ACLF (median 2.13%, range 0.91%-7.48%) than in non-cirrhotic patients with HBV-ACLF (median 1.72%, range 0.36%-6.90%; P=0.034; Figure 1C ). We then determined the correlation between HBeAg status and Tc17 cell frequency. The Tc17 cell frequency did not differ between HBeAg-positive and HBeAg-negative patients with either CHB (P=0.097) or HBV-ACLF (P=0.496; Figure 1C ).
Tc17 cells may play a proinflammatory role in the pathogenesis of hBV-aClF
We subsequently analyzed the correlation between Tc17 cell levels and Tbil levels, PTA levels, ALB levels, AST levels, ALT levels, and HBV-DNA loads in patients with CHB and patients with HBV-ACLF. Tc17 cells were found to be associated with Tbil (r=0.346, P=0.061), PTA (r=−0.549, P=0.002), AST (r=0.414, P=0.023), and ALB levels (r=−0.412, P=0.024; Figure 2A ) in patients with CHB. Additionally, significant correlations were found between Tc17 cells and Tbil (r=0.357, P=0.003), PTA (r=−0.316, P=0.010), AST (r=0.251, P=0.042), and ALB levels (r=−0.330, P=0.007; Figure 2B ) in patients with HBV-ACLF. However, no significant correlation was observed between Tc17 levels and either ALT levels or HBV-DNA loads in CHB and HBV-ACLF patients. Next, we examined the correlation between clinical outcome and Tc17 cell frequency at admission. The frequencies of Tc17 (C) Tc17 cells were significantly higher in patients with HBV-ACLF than in either patients with CHB (P=0.002) or nC subjects (P,0.001). Moreover, the frequency of Tc17 cells was significantly higher in cirrhotic patients with HBV-ACLF than in non-cirrhotic patients with HBV-ACLF (P=0.034). no differences were observed in Tc17 cells between hBeag-positive and hBeag-negative patients in the ChB group and in patients with hBV-aClF. *P,0.05; **P,0.01; ***P,0.001. Abbreviations: aClF, acute-on-chronic liver failure; ChB, chronic hepatitis B; eag-P, hBeag-positive; FsC, forward scatter; eag-n, hBeag-negative; hBV, hepatitis B virus; ns, not significant; NC, normal control; SSC, side scatter; Tc17, IL-17-producing CD8 + T.
cells were significantly higher in non-surviving patients (median 2.11%, range 0.40%-7.48%) than in surviving patients (median 1.38%, range 0.36%-3.35%, P,0.001; Figure 2C ). Moreover, we stratified HBV-ACLF patients into three groups according to their disease severity on the basis of the Asian Pacific Association for the Study of the Liver ACLF Research Consortium grade system. 20 Interestingly, Tc17 cells progressively increased from the ACLF-I group (0.88%±0.40%, n=8) to the ACLF-II group (2.12%±1.39%, n=44; vs ACLF-I group, P,0.001) to maximum in the ACLF-III group (3.01%±1.39%, n=14; vs ACLF-II group, P=0.007). MELD, MELD-Na, and CLIF-C ACLF scores are widely used to evaluate disease severity in patients with HBV-ACLF. In this study, these parameters were calculated at admission. The results were 26.89±4.17, 27.97±4.12, and 41.98±6.49 for the MELD score, MELD-Na score, and CLIF-C ACLF score, respectively. Next, correlations between Tc17 cells and these scores were examined. Interestingly, positive correlations were found between Tc17 cell frequency and MELD score (r=0.362, P=0.003), MELD-Na score (r=0.326, P=0.007), and CLIF-C ACLF score (r=0.313, P=0.010; Figure 2C ). Collectively, these findings indicated 
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Tc17 predicts mortality in hBV-aClF Notes: Tc17 cells were found to be associated with Tbil levels, PTa levels, asT levels, and alB levels in patients with ChB (A) and patients with hBV-aClF (B). The frequencies of Tc17 cells were significantly higher in non-surviving patients than in surviving patients (P,0.001). Moreover, the frequencies of Tc17 cells were positively correlated with MelD, MelD-na, and CliF-C aClF scores (C). lg (asT), asT levels were transformed into log 10 . solid line, linear growth trend; r, correlation coefficient. ***P,0.001. Abbreviations: aClF, acute-on-chronic liver failure; asT, aspartate aminotransferase; alB, albumin; ChB, chronic hepatitis B; CliF-C, chronic liver failure consortium; hBV, hepatitis B virus; MelD, model for end-stage liver disease; PTa, prothrombin time activity; TB, total bilirubin; Tc17, il-17-producing CD8 + T.
that Tc17 cells may play a proinflammatory role in the pathogenesis of HBV-ACLF.
increased Tc17 cell frequency at admission indicated poor prognosis in patients with hBV-aClF
The ROC curve analysis was used to evaluate the value of Tc17 cells in predicting prognosis. The area under the ROC curve (AUROC) was 0.826 (95% CI: 0.712-0.908, P,0.0001; Figure 3A ). The Youden index was used to identify the optimal cutoff value, defined as the value that maximized the sensitivity and specificity. With a cutoff value of 1.6%, the sensitivity was 86.84% (95% CI: 71.9%-95.6%) and the specificity was 75% (95% CI: 55.1%-89.3%). More importantly, no significant differences were observed between the AUROC values obtained using the Tc17 cell frequency and those obtained with the MELD score (AUROC=0.769, P=0.437), MELD-Na score (AUROC=0.782, P=0.552), or CLIF-C ACLF score (AUROC=0.773, P=0.474; Figure 3A) , indicating that the frequency of Tc17 cells at admission may have a prognostic value equivalent to that of these accepted scores.
Patients were then divided into two groups, a higher group (Tc17 cell frequency .1.6%, N=40) and a lower group (Tc17 cell frequency #1.6%, N=26). The 30-day mortality rate was 15.4% (4/26) in the lower group but 50% (20/40, P=0.008) in the higher group. The 90-day mortality rate was also lower in the lower group (5/26, 19.2%) than in the higher group (33/40, 82.5%, P,0.001). Additionally, survival was examined by the Kaplan-Meier analysis. The log-rank test revealed significant differences between the higher group and the lower group in both the 30-day (chi-square=8.545, P=0.0035) and 90-day (chi-square=23.98, P,0.0001; Figure 3B ) survival rate. Collectively, these data suggested that an increased frequency of Tc17 cells could be a useful predictor of mortality in patients with HBV-ACLF.
increased Tc17 cell frequency at admission could be an independent predictor of mortality 
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Zhang et al Figure 3 increased Tc17 cell frequency at admission indicated poor prognosis in hBV-aClF. Notes: (A) The prognostic value of Tc17 cell frequency was assessed by the ROC curve analysis. The aUROC for Tc17 cell frequency was 0.826 (95% Ci: 0.712-0.908, P,0.001). The Youden index was used to identify the optimal cutoff value. With a cutoff value of 1.6%, the sensitivity was 86.84% (95% CI: 71.9%-95.6%) and the specificity was 75% (95% CI: 55.1%-89.3%). Moreover, no significant differences were found between AUROC values obtained with Tc17 cell frequency and those obtained with the MelD (aUROC=0.769, P=0.437), MelD-na (aUROC=0.782, P=0.552), or CliF-C aClF (aUROC=0.773, P=0.474) scores, indicating that Tc17 cell frequency at admission may have a prognostic value equivalent to that of these accepted prognostic scores. (B) survival was evaluated using Kaplan-Meier curves, and the statistics were compared by log-rank tests. Significant differences were found between the higher group (Tc17 cell frequency .1.6%) and the lower group (Tc17 cell frequency #1.6%) in both 30-day (chi-square=8.545, P=0.0035) and 90-day (chi-square=23.98, P,0.0001) survival. Abbreviations: aUC, area under curve; aClF, acute-on-chronic liver failure; aUROC, area under the ROC curve; CliF-C, chronic liver failure consortium; Cum, cumulative; hBV, hepatitis B virus; MelD, model for end-stage liver disease; ROC curve, receiver operating characteristic curve; Tc17, il-17-producing CD8 + T.
summarized in Table 2 . Compared with surviving patients, non-surviving patients were older, were more likely to be female, had higher levels of Tc17 cells and Tbil, had lower levels of PTA, and were more likely to be cirrhotic at baseline (Table 2) . Next, the Cox regression analysis was used to identify predictors for HBV-ACLF. In the univariate analysis, female sex, cirrhosis, Tc17 cell frequency, Tbil levels, PTA levels, MELD score, MELD-Na score, and CLIF-C ACLF score were factors associated with a higher risk of mortality (Table 3) . Next, we evaluated these significant variables in a multivariate Cox regression analysis by using forward stepwise (likelihood ratio) selection. Only female sex (HR=5.450, P,0.001), Tc17 cell frequency (HR=1.401, P=0.001), and MELD-Na score (HR=1.344, P,0.001) were found to be independent baseline predictors of mortality in patients with HBV-ACLF (Table 3 ).
Tc17 cell frequency was positively correlated with serum il-17a and il-22 levels
Finally, we determined the serum levels of cytokines (IL-17A, IL-22, and IL-23) in NC subjects (N=17), patients with CHB (N=30), and patients with HBV-ACLF (N=38) by a FlowCytomix assay. IL-22 was detected in all three groups. IL-17A was detected in 38 patients with HBV-ACLF (100%), 23 patients with CHB (77%), and 8 NC subjects (47%). Figure 4A ). Next, correlations between the expression of Tc17 cells and these cytokines in HBV-infected patients were examined. Interestingly, positive correlations were found between the frequency of Tc17 cells and the levels of both IL-17A (r=0.341, P=0.007) and IL-22 (r=0.260, P=0.032; Figure 4B ). However, no correlation was found between Tc17 cell frequency and IL-23 level (r=0.030, P=0.867). These data indicated that Tc17 cells may represent an additional source of IL-17 in HBV-infected patients.
Discussion
Although the pathogenic role of Tc17 cells has been explored in inflammatory diseases and tumors, much less is known about the role of Tc17 cells in patients with HBV-ACLF. To our knowledge, this study is the first to extensively determine the role of Tc17 cells in patients with HBV-ACLF. We present evidence that Tc17 cells increase in frequency and participate in the pathogenesis of HBV-ACLF. Furthermore, this study is the first to demonstrate that an increased frequency of Tc17 cells predicts poor overall patient survival. Additionally, Tc17 cell frequency is shown to be an independent prognostic factor by the multivariate Cox regression analysis. Tc17 cells were found to be enriched in patients with chronic hepatitis C 13, 14 and hepatocellular carcinomas. 21 These data indicate that Tc17 cells may contribute to immune-mediated inflammation. Thus, we hypothesized that Tc17 cells may be involved in the process of HBV-induced liver injury. A previous report showed that Tc17 cells were enriched in HBeAg-positive patients with CHB as compared to those in healthy individuals, but the difference was not significant. 22 However, we showed that the frequency of Tc17 cells was increased significantly in patients with CHB as compared to that in NC subjects (P=0.019). This discrepancy could be explained by the different disease status of patients enrolled in this study (a greater proportion of HBeAg-negative and deteriorated patients were chosen). Moreover, Tc17 cell frequency was closely correlated with Tbil, PTA, AST, and ALB levels, indicating that Tc17 cells were associated with liver injury. Note: Data are shown as mean and standard deviations or medians and ranges. Abbreviations: aClF, acute-on-chronic liver failure; aFP, alpha-fetoprotein; alB, albumin; alT, alanine aminotransferase; asT, aspartate aminotransferase; CliF-c, chronic liver failure consortium; Cr, creatinine; hBV, hepatitis B virus; MelD, model for end-stage liver disease; PlT, platelet counts; PTa, prothrombin time activity; Tbil, total bilirubin; Tc17, il-17-producing CD8 + T. 
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Zhang et al Knowledge about the implication of Tc17 cells in the pathogenesis of HBV-ACLF is currently limited. Therefore, the role of Tc17 cells in HBV-ACLF was extensively explored. Consistent with our hypothesis, our results indicate that an increased frequency of Tc17 cells is associated with liver injury in patients with HBV-ACLF. Substantial evidence supports this hypothesis. First, we demonstrated that patients with HBV-ACLF had higher levels of Tc17 cells than patients with CHB (P=0.002) and NC subjects (P,0.001) and that Tc17 cell frequency was positively correlated with Tbil and AST levels but was negatively correlated with PTA and ALB levels (all P,0.05), which are often used as markers of liver injury. 23 Additionally, the frequency of Tc17 cells was higher in non-surviving patients with HBV-ACLF than in surviving patients (P,0.001). More importantly, Tc17 cell frequency was positively correlated with MELD, MELD-Na, and CLIF-C ACLF scores (all P,0.05). Collectively, these results indicate that Tc17 cells may play a proinflammatory role in the pathogenesis of HBV-ACLF.
Researchers reported that intratumoral Tc17 cells increased with tumor progression and were associated with overall survival time in gastric cancer. 24 Additionally, another report showed that peripheral Tc17 cells were negatively correlated with the 5-year survival rate for patients with head and neck cancer. 25 These studies indicate a clinical prognostic value of Tc17 cells. This study is the first to demonstrate that Tc17 cell frequency can be used to predict the prognosis of patients with HBV-ACLF. Indeed, we found that higher levels of Tc17 cells were associated with poorer clinical outcomes. Moreover, the ROC curve analysis showed that Tc17 cell frequency predicted 90-day survival with an accuracy equivalent to that of MELD, MELD-Na, and CLIF-C ACLF scores (all P.0.05). The Kaplan-Meier analysis revealed that Tc17 cell enrichment was associated with poor overall survival. Additionally, the multivariate Cox regression analysis suggested that Tc17 cell frequency was an independent predictor of overall survival in patients with HBV-ACLF. Taken together, these data strongly indicated that peripheral Tc17 cells could serve as a prognostic biomarker. Moreover, Tc17 cell frequency was inversely correlated with survival, suggesting that the frequency of circulating Tc17 cells may be an indicative factor to guide further treatment decisions. If validated in the future, Tc17 cell frequency measured by a simple and 
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IL-17 is a key pathogenic cytokine in liver diseases. 26 Although Th17 cells are thought to be the main producer of IL-17, other immune cells can also produce IL-17. Hence, the identification of all potential IL-17 sources in HBV-ACLF is important. Tc17 cells are defined by their ability to produce IL-17; in addition, Tc17 cells coexpress other cytokines, including IFN-gamma and TNF-alpha. 10 In our study, IL-17A and IL-22 levels were higher in patients with HBV-ACLF than in patients with CHB and NC subjects. Moreover, the frequencies of Tc17 cells were positively correlated with IL-17A and IL-22 levels (both P,0.05). These data indicate that Tc17 cells may represent an additional source of IL-17 in HBV-infected patients.
The similarity of the cytokine profile of Tc17 cells to that of Th17 cells provides a basis for using Th17 cell differentiation conditions to expand Tc17 cells. For example, IL-23 is often used to expand human Th17 cells. 27 In mice, IL-23 induced IL-17 expression only slightly and maintained the Tc17 cell phenotype. 28, 29 However, the role of IL-23 in human Tc17 cells is not yet clarified. In the present study, no significant correlation was found between Tc17 cell frequency and IL-23 levels, indicating that the role of IL-23 in Tc17 cell differentiation may differ from its role in Th17 cells. Thus, further investigations are required to confirm the role of IL-23 in Tc17 cells in humans.
This study has some limitations. First, our sample size was relatively small. Moreover, the present study was a single-center investigation in China. The findings need to be confirmed in large multicenter and prospective studies.
Conclusion
Our findings demonstrate that Tc17 cells are preferentially enriched in patients with HBV-ACLF and that this increase positively correlates with liver injury and disease severity. Thus, Tc17 cells may play a proinflammatory role in the pathogenesis of HBV-ACLF. Furthermore, our data indicate that an increased frequency of circulating Tc17 cells could be an independent predictor of mortality in patients with HBV-ACLF. Therefore, future therapeutic strategies aimed at interfering with Tc17 cell pathways may benefit patients with HBV-ACLF.
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